Fourteen compounds belonging to different chemical classes were characterized in the roots and fruits extracts from Berberis libanotica, using the same HPLC-DAD-MS method. Thirteen were reported, for the first time, from the fruits whereas the roots contained mostly alkaloids of which 3 out of 5 are reported for the first time. Their structures were established on the basis of MS data as gallic acid (1), chlorogenic acid (2), delphinidin (3), oxyacanthine (4), rutin (5), hyperoside (6), berbamine (7), isoquercitrin (8), quercitrin (9), jatrorrhizine (10), palmatine (11), berberine (12), quercetin (13) and luteolin (14). Extracts containing compounds 4 and 7 showed significant cytotoxicity against the HT29 cell line with an IC 50 of 12.2-26.1 µg/mL. Fruits extracts, due mostly to compounds 1 and 2, showed potent antioxidant activities with an EC 50 of 0.0025-0.019 mg/mL.
Lebanese barberry (Berberis libanotica Ehrenb.) is an endemic species found in the Lebanese mountains. The roots are usually used by the Lebanese herbalists in all the regions while the fruits are often eaten mostly in the areas where the wild plant grows [1] [2] . Alcoholic macerations or infusions of the roots are used in traditional medicine as remedies for rheumatic and neuralgic diseases [1] or as an anti-inflammatory [2] . Northern mountain populations use fruits, dark violet-red berries, for their taste and liquors [3] . Activities reported for different parts of B. libanotica include anticancer properties of the stem, and anti-Alzheimer's properties and anti-neoplastic effects on prostate cancer of the root [4, 5] . Only berberine and palmatine were reported in this plant by these authors. The goals of the present research were to identify bioactive fractions and compounds from fruits and roots of B. libanotica. Thus, we assessed the antioxidant activities and cytotoxicity against human cancer cell HT29, by bio-guided fractionation hyphenated with a LC/MS method.
The dried fruits and roots were analyzed using European and French Pharmacopoeia (Eur. and Fr. Ph.) analytical methods. Thus, total flavonoids and anthocyanins were assessed according to Hawthorn monographs, polyphenols according to the monograph on Tannins [6] [7] [8] and total alkaloids according to the Common Barberry monograph [9] . This analytical screening showed that the dried fruits contained (in g/100 g): 0.9% of total flavonoids (expressed as hyperoside), 0.2% of total anthocyanins (expressed as cyanidin chloride), 13 .5% of polyphenols (expressed as gallic acid equivalent or GAE) and no alkaloids. The roots contained: 3.7% of polyphenols and 1.4% of total alkaloids (expressed as berberine); however, there were neither anthocyanins nor flavonoids. Many studies reported high concentrations of anthocyanins and total polyphenols (TPC) in fruits of Berberis species [10, 11] . The results obtained from dried fruits of B. libanotica were consistent with those reported by Ardestani in B. vulgaris (0.06-0.37% for anthocyanins and 3.16-13.80% for TPC) [12] . This analytical screening showed that alkaloids were exclusively present in the roots of B. libanotica; our results are in accordance with those reported by Karimov, and Bhardwaj & Kaushik in other Berberis species [13, 14] .
Cytotoxic and antioxidant activities guided fractionations were undertaken. Nine extracts were prepared from fruits and roots using different solvents: CH 2 Cl 2 pretreated with NH 4 OH (or CH 2 Cl 2 -a, specific for alkaloids extraction), Me 2 CO, Me 2 CO 70%, EtOH, EtOH 60%, MeOH, MeOH 80%, MeOH 60%, and H 2 O (decoction, traditional extraction method). The antioxidant capacities were evaluated using DPPH radical scavenging [15a] and linoleic acid-βcarotene bleaching inhibition [15b]. The cytotoxicity was assessed on a human colon cancer cell line (HT29) by the MTT assay [16] . The total phenolic content (TPC) of each extract was determined by the Folin-Ciocalteu method [17] . The qualitative composition and compounds identification were realized using an LC-DAD-MS method.
Extracts from fruits showed the most potent antioxidant activities (Table 1 ) and the Me 2 CO 70% extract possessed the highest DPPH radicals scavenging capacity (EC 50 0.007 mg/mL), the highest inhibition of β-carotene oxidation (58.9%), as well as the highest TPC (30.9 mg GAE/100 mg). Importantly, these activities were very close to those of standards (catechin and ascorbic acid). The highest cytotoxicities were found in three root extracts (MeOH, EtOH 60% and CH 2 Cl 2 -a) and one fruit extract (CH 2 Cl 2 -a) with, respectively, IC 50 values of 26.1, 21.6, 12.2 and 24.8 µg/mL.
The four most cytotoxic extracts (MeOH, EtOH 60%, CH 2 Cl 2 -a from roots and CH 2 Cl 2 -a from fruits) and the most antioxidant (Me 2 CO 70%, from fruits) were chosen for further phytochemical analysis by LC-DAD-MS.
The developed HPLC method allowed us to analyze alkaloids and polyphenols (anthocyanins, flavonoids, phenolic acids) present in the five studied extracts ( Table 2 ). In the three root extracts, only five alkaloids were identified: berberine, palmatine, jatrorrhizine, berbamine and oxyacanthine. The last three were reported for the first time in this part of the plant. The CH 2 Cl 2 -a fruit extract contained two major alkaloids (oxyacanthine and berbamine) and traces of two others (palmatine and berberine). The Me 2 CO 70% extract contained two phenolic acids (gallic and chlorogenic acids), one anthocyanin (delphinidin), six flavonoids (rutin, hyperoside, isoquercitrin, quercitrin, quercetin and a trace of luteolin) and traces of two alkaloids (oxyacanthine and berberine). The identified compounds were reported for the first time in the fruits of B. libanotica.
In numerous previous research, the cytotoxic activities were often associated with berberine. Thus, Gaidhami et al. reported, for the root extract of B. aristata, an IC 50 of 38 µg/mL against HT29 cells for a berberine content of 11.9% [18a] . This correlation, between activity against HT29 cells and alkaloid contents, was studied in the four most cytotoxic extracts of B. libanotica. The content of each identified alkaloid was estimated by comparison with commercial standards. We noted that the CH 2 Cl 2 -a extract from roots, with an IC 50 of 12.2 µg/mL, possessed an activity very close to that of berberine, according to the bibliographic data (2.8 to 12.3 µg/mL) [18b,19] . Also, we noted that this extract contained bisbenzylisoquinolines (the sum of oxyacanthine and berbamine contents) and isoquinolines (the sum of palmatine and berberine contents) in almost identical proportions. The cytotoxic activities of the three other studied extracts (CH 2 Cl 2 -a from fruits, MeOH from roots and EtOH 60% from roots) were very close with, respectively, IC 50 values of 24.8, 26.1 and 21.6 µg/mL; but their berberine contents were very different, especially of the CH 2 Cl 2 -a extract from fruits, with respectively 0.6, 12.9 and 11.9%. The berberine content in the CH 2 Cl 2 -a extract from fruits was in contrast with the observations of Gaidhani, and this might undermine the association between the activity against HT29 and the berberine content. On the other hand, we noted that the proportions of oxyacanthine and berbamine were important in the four B. libanotica extracts studied (approximately 7 and 3%, respectively, in three extracts and more than double in the CH 2 Cl 2 -a extract from the roots). Therefore, the cytotoxicity against HT29 could be attributed to the two bisbenzylisoquinolines (oxyacanthine and berbamine) and not to berberine.
Concerning the antioxidant activities, the phytochemical screening showed the presence of many polyphenols in the Me 2 CO 70% fruits extract. Fractionation of this was carried out to identify the active compounds. At first, successive liquid/liquid extractions were realized by three different solvents (n-hexane, CH 2 Cl 2 , EtOAc). The EtOAc fraction exhibited the highest TPC (158.4 mg GAE/100 mg) and the most potent DPPH scavenging potential (EC 50 0.0057 mg/mL). The EtOAc fraction was subsequently fractionated by RPflash chromatography to obtain 16 sub-fractions (A1-A16), which were checked for their DPPH potential and TPC content. Four subfractions (A3, A7, A11 and A12) showed interesting DPPH scavenging activities with, respectively, EC 50 values of 0.0025, 0.0040, 0.0047 and 0.0041 mg/mL and a concentrated TPC: 219.9, 143.6, 204.2 and 202.4 mg GAE/100 mg, respectively. HPLC analyses showed that A3 contained gallic acid (25%), A7 chlorogenic acid (40%) and A11 and A12 six flavonoids ( Table 2) , mainly quercetin derivatives.
These results highlighted the importance of gallic and chlorogenic acids in the antioxidant activities. These two compounds were often quantified in fruit extracts of other Berberis [10b,11a]. Thus, these authors reported in B.vulgaris fruits: 0.13 g/kg of gallic acid and 0.75 g/kg of chlorogenic acid. The contents of these two compounds were determined in the Me 2 CO 70% extract and in dried fruits of B. libanotica. The extract contained 0.1% in mass of gallic acid and 2.0% of chlorogenic acid; and the dried fruits: 0.2 g/kg of gallic acid and 0.4 g/kg of chlorogenic acid. These values are comparable with those reported in other Berberis species. = 0.002 mg/mL); ** Catechin = reference standard for Inhibition test (respectively 40.5 and 60.7% at 0.004 and 0.02 mg/mL);*** 5-FU is the positive control standard for Cytotoxicity test on HT29 (MTT assay; IC 50 = 0.094 µg/mL). This phytochemical investigation allowed us to identify five compounds in roots and thirteen in fruits of the endemic Lebanese barberry (Berberis libanotica), by the same HPLC-DAD-MS method. The roots contained five alkaloids; three of them (jatrorrhizine, berbamine and oxyacanthine) were reported for the first time in this part of the plant. The cytotoxicity against HT29 cells was mainly found in roots extracts. The results showed, for the first time, that oxyacanthine and berbamine could be responsible for this activity. Two phenolic acids (gallic and chlorogenic acids), six flavonoids (rutin, hyperoside, isoquercitrin, quercitrin, quercetin and a trace of luteolin), one anthocyanin (delphinidin, which is a possible hydrolytic artifact [20-21]), and traces of four alkaloids (oxyacanthine, berbamine, palmatine and berberine) were reported for the first time in the fruits. The antioxidant activities were mostly found in the fruit extracts; the bioguided fractionation method showed that gallic and chlorogenic acids were responsible for these activities. During the phytochemical investigation, we noted differences in the contents of the total alkaloids obtained from the Pharmacopoeia and those from the developed HPLC methods. We demonstrated that the total alkaloids assay from the Fr. Ph. monograph was not adapted to quantify all alkaloids occurring in Berberis, namely the bisbenzyisoquinolines (oxyacanthine and berbamine), which are the major alkaloids present in the fruits.
Experimental
Plant material: The roots and fruits of Berberis libanotica Ehrenb. were collected in September 2011, in the north of Lebanon (Bsharri, Cedars area; altitude 1400-1700 m; GPS location: N 34°14'41"; E 36°2'15"). The plant was identified by Pr. G. Tohmé (CNRS, Lebanon). The voucher specimen (code number BLCS12) was deposited in the herbarium of the Faculty of Pharmacy, Lebanese University, Hadath, Lebanon. Both the dried parts were powdered and stored in a dark container till further use.
Preparation of fruits and roots extracts:
The MeOH 60%, MeOH 80%, MeOH, EtOH 60%, EtOH, Me 2 CO, and Me 2 CO 70% extracts, from fruits and roots, were prepared as follows: 10 g of plant powder was macerated in 100 mL of solvent under magnetic agitation for 24 h at 25°C. The mixture was filtered, concentrated at 40°C under reduced pressure and freeze-dried. The decoction (aqueous extract) was prepared by adding 150 mL of water to 10 g of powder. This mixture was heated to boiling point during 15 min (3 times). A warm filtration was realized and, after cooling, the filtrate was freeze-dried. For the dichloromethane extract, 10 g of powder was moistened for 2 h with NH 4 OH solution (25% v/v) followed by dichloromethane addition (150 mL). The mixture was macerated for 24 h under magnetic stirring. After filtration, the organic phase was concentrated at 40°C.
Bio-guided fractionation:
A liquid/liquid fractionation was prepared from 10 g of the Me 2 CO 70% extract. The extract was suspended in 200 mL of H 2 O and successively partitioned with nhexane, CH 2 Cl 2 , and EtOAc (3 x 100 mL). Each fraction was concentrated at 40°C under reduced pressure and freeze-dried. The EtOAc fraction was separated by flash chromatography (Teledyne Isco CombiFlash, Nebraska, USA), at 220 nm, with a 130 g RediSep C18 column (Teledyne Isco). The sample (2 g of the EtOAc fraction) was adsorbed on 10 g RP-18 silica gel (Lichoprep 25-40 µm, Merck Darmstadt, Germany) and loaded into a Solid Load Cartridge. A 60 min MeOH/H 2 O gradient was employed starting with 100% H 2 O and ending with 100% MeOH, followed by 100% MeOH for 4 min, to finish with 10% MeOH/AcOH for 5 min. The flow rate was 50 mL/min. Twenty mL fractions were collected. The 175 obtained fractions were pooled together in 16 sub-fractions (A1 to A16), based on LC analysis.
Instruments and materials:
The LC-DAD-MS system consisted of an LC Agilent 1200 Series hyphenated with a Bruker Esquire HCT 2000 ion-trap mass spectrometer equipped with an electrospray ion source (ESI) and controlled by ChemStation software (Version B.01.03 Agilent Technologies) and/or the HPLC-MS system RSLC3000 (Dionex-Thermo Scientific, Les Ulis, France) using the ion trap mass analyzer of a LTQ-Orbitrap XL mass spectrometer (Thermo Scientific) equipped with an ESI. Compounds were analyzed over a Purospher Star (Merck, Darmstadt, Germany) RP18 column (250 x 4.6 mm, 5 µm). For alkaloids, the parameters of positive ionization mode were: spray voltage, 5 kV; capillary voltage, 30V; tube lens voltage, 120V; and capillary temperature, 350°C. For phenols, the parameters of negative ionization mode were respectively: spray voltage, 3.5; capillary voltage, -1V; tube lens voltage, -52 V; and capillary temperature, 320°C. Mass spectra were acquired at a resolution power of 60,000 from m/z 100 to 1000. Peak detection was achieved at 220 nm and UV spectra were obtained between 190-400 nm. The mobile phase consisted of water (A) and acetonitrile (B), both acidified with formic acid (2% v/v). The flow rate was 1.00 mL/min. The gradient elution was: 0-2 min, 15% B; 2-32 min, 15-37% B; 32-35 min, 37% B; 35-40 min, 37-50% B; 40-42 min, 50-15% B; 42-50 min, 15% B.
Samples (extract, fraction, sub-fraction) and standards (reported in Table 2 ) were respectively prepared at 0.4 mg/mL and 0.05 mg/mL, using the mobile phase as solvent. The contents of compounds in B. libanotica extracts were determined by calculating the ratio of peak areas of compound to that of the corresponding standard peak. The results were calculated as the average of 3 measurements. Oxyacanthine, berbamine, jatrorrhizine, palmatine, berberine, chlorogenic acid and gallic acid were used as external standards; 25 µL of each extract solution and 10 µL of each standard solution were injected. Solutions were filtered through a 0.45 µm filter. The chromatographic resolution (Rs) between peaks was calculated. Only oxyacanthine/rutin (Rs = 0.9) and berbamine/isoquercitrin (0.8) were less than 2 ( Table 2 ). However, in the studied concentrations, the probabilities of coelution and the confusions between alkaloids and other compounds were few and weak.
Pharmacopoeia methods: Absorbance was measured using a UV/Vis spectrophotometer (Shimadzu PC-1650). We applied the Eur. Ph. monographs for Hawthorn and Tannins to assess the total flavonoids, anthocyanins and polyphenols [6] [7] [8] ; and the Fr. Ph. monograph for Common Barberry for the total alkaloids [9] . Each of the identified alkaloids was assessed using the Pharmacopoeia method at the initial concentration of 0.25 mg/mL. Commercial alkaloid standards were used to prepare, in triplicates, the standard stock solutions at the average concentration of: berberine (0.253 mg/mL), palmatine (0.262 mg/mL), jatrorrhizine (0.235 mg/mL), berbamine (0.252 mg/mL) and oxyacanthine (0.258 mg/mL); according to the Pharmacopoeia method, each stock solution was diluted to a concentration of 0.05 mg/mL with 0.05 M sulfuric acid in methanol and its absorbance measured.
Determination of total phenolic content:
The Folin-Ciocalteu method was used, according to Koivikko et al. [17] . The sample, diluted in 0.5 mL, was mixed with 0.5 mL of Folin-Ciocalteu reagent. Then, after 3 min, 1 mL of Na 2 CO 3 20% was added. In the dark room, samples were incubated for 45 min, then centrifuged (5 min at 2400 g). Absorbance of the supernatants was measured at 730 nm using a UV/Vis spectrophotometer (Jenway 6405). TPC was expressed as mg of gallic acid equivalents (GAE) per 100 mg of extract. All measurements were performed in duplicate.
DPPH radical scavenging assay:
The method used was that of Yan and Chen [15a] . An aliquot (1 mL) of test sample was added to 1 mL of DPPH 0.15 mM EtOH solution. In the dark room, the mixture was vortexed for 1 min and then left to stand for 30 min. The absorbance was read at 517 nm using a UV/Vis spectrophotometer. The scavenging activity (%) was expressed as EC 50 (concentration corresponding to 50% inhibition). The blank was a mixture of 1 mL of sample solution plus 1 mL of EtOH. The negative control was 1 mL of DPPH solution plus 1 mL of EtOH. Catechin and ascorbic acid were used as the positive controls; they were diluted with EtOH to give concentrations of 1.5-20 μg/mL.
Linoleic acid-β-carotene antioxidant assay:
The method used was that of Koleva et al. [15b] . Beta-carotene solution (0.2 mL; 1 mg/mL in CHCl 3 ) was mixed with 20 mg of linoleic acid and 200 mg of Tween-40. After evaporation of CHCl 3 at 40ºC under vacuum, 50 mL of H 2 O was added slowly to the semi-solid residue under vigorous stirring to form an emulsion; 50 µL of test sample or positive control (catechin) and 200 µL of the emulsion were loaded in a well of a 96-well microplate. Two final concentrations were tested (0.02 and 0.004 mg/mL), and H 2 O was used as blank. The addition of the emulsion was considered as the starting time of the reaction, and the absorbance values were read at 450 nm on a spectrophotometer (ELx800 Bio-Tek). Then the plate was covered with a film and stored at 37ºC for 3 h to let the reaction develop; the absorbance was measured every 30 min. The antioxidant activity was evaluated as the percentage of inhibition of the bleaching of βcarotene.
Determination of cytotoxic activity of extracts:
The organic dry extracts were dissolved in DMSO and the aqueous dry extract was prepared in water. The concentration of each was 50 mg/mL. Further dilutions (100, 50, 25, 12.5 and 6.25 µg/mL) were made with the culture medium just before use. 5-FU, a clinically applied anticancer agent, was used as positive control. Human cancer cell line HT29 (colon adenocarcinoma) was provided by Dr J. Ciccolini (Laboratory of Pharmacokinetics and Toxicokinetics, Aix-Marseille University, France). The cells were cultivated in RPMI-1640 medium supplemented with 10% FBS, 1% of a stock solution containing 10,000 IU/mL penicillin and 10 mg/mL streptomycin and 0.16% kanamycin (50 mg/mL), in an incubator at 37°C under a humidified atmosphere containing 5% CO 2 . Cell viability was determined by the MTT assay according to Khay et al. [16] . The percentage of viable cells was determined by comparing the average absorbance in extract-treated wells with average absorbance in control untreated wells. Extract concentration causing a 50% reduction in cell viability was determined as the 50% inhibitory concentration (IC 50 ) using Gen5® software.
Statistical analysis:
The statistical analysis was carried out using the statistical software SPSS version 17.
